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INTRODUCTION
The incidence of colorectal cancer has increased year by year and currently ranks fifth in the number of deaths from malignant tumors in China [1] . The most common types include mid and low rectal cancer [2] . Due to the recent rapid development of laparoscopic techniques and comprehensive treatment concepts, laparoscopic total mesorectal excision (TME) has become the preferred choice for surgeons [3] . Due to its better operative field exposure, preservation of the anus with a lower positivity of the circumferential resection margin (CRM) has become possible in more patients with rectal cancer [4] . However, conventional laparoscopic TME still requires the specimen to be removed through an auxiliary incision in the abdominal wall, and thus, incisionrelated complications still cannot be avoided [5] . Moreover, patients may not only be concerned with the radical resection of tumor but are also beginning to pay more attention to postoperative quality of life [6] . Wang et al [7] defined the various surgical methods for avoiding an abdominal auxiliary incision as natural orifice specimen extraction surgery (NOSES) and proposed ten practical manipulations of NOSES according to the location of tumor and the approach for removing the specimen. The radical resection of low rectal cancer using a prolapsing technique through the anus is one of the common forms of NOSES [8] . Based on the understanding of the anvil placement during NOSES, the anorectal surgery team of our center adopted a modified method of anvil placement to avoid abdominal infection and tumor cell dissemination during surgery and have achieved good clinical effectiveness [9] . To further explore the application value of the transanal placement of the anvil and to evaluate the short-term efficacy of NOSES for resecting specimens of low rectal cancer, as well as to provide a theoretical basis for its extensive clinical application, this study retrospectively analyzed the clinical data of 108 patients who underwent laparoscopic-assisted low rectal cancer resection at our center from June 2015 to June 2018.
MATERIALS AND METHODS

Patient data
The inclusion criteria were as follows: (1) low rectal cancer in which the margin was 4 to 6 cm proximate to the anal margin; (2) protuberant tumor with a circumferential diameter < 3 cm; (3) ulcerated tumor with less than 1/2 of the circumferential length of the rectal wall invasion; (4) no distant metastasis and preoperative examination showing a tumor stage of T 1-3 N 0 M 0 ; and (5) no history of abdominal surgery.
The exclusion criteria were as follows: (1) patients with a body mass index (BMI) > 35 kg/m 2 ; (2) patients with sigmoid colon and mesangial hypertrophy; (3) the sigmoid colon and its mesentery were not long enough to be pulled out through the anus; (4) patients complicated with obstruction, hemorrhage, or perforation and in need of emergency surgery; (5) patients undergoing neoadjuvant therapy; and (6) patients who received a preventive terminal ileostomy.
The clinical data of 108 patients who underwent the laparoscopic radical resection of low rectal cancer at the Department of Anorectal Surgery of Huaihe Hospital Affiliated to Henan University from June 2015 to June 2018 were collected. The patients were fully informed about the procedures and had the privilege of choosing their desired procedure. The 108 patients were divided into two groups: A NOSES group and a laparoscopy (LAP) group. A total of 26 patients underwent NOSES, in which an auxiliary incision was not made in the abdominal wall, the anvil was transanally placed, and the tumor was excised using a prolapsing technique. This procedure was reviewed and approved by the hospital Ethics Committee (No. 201566). A total of 82 patients in the LAP group underwent a conventional procedure in which a small incision in the abdominal wall was used to remove the specimen.
Surgical procedure
The patients in both groups underwent a routine preoperative preparation. After successful anesthesia, patients were placed in the modified lithotomy position. The pneumoperitoneum pressure was maintained at 12 mmHg. A 10-mm trocar was placed at the upper umbilical edge for introducing a laparoscope. Three 5-mm trocars were placed at the horizontal level of the umbilicus in the lateral edge of the rectus abdominis muscle and the left lower abdomen, respectively, and served as auxiliary operation ports; a 12-mm trocar was placed into the right lower abdomen as the main operation port. The central approach was used to perform TME. The proximal sigmoid mesentery was fully dissected while protecting the peri-intestinal vascular arch. The bowel loop was skeletonized at the sites 2-3 cm distal to the lower edge of the tumor and 10 cm proximal to the tumor. The differences in the NOSES group are described below. The bowel loop was divided in the proposed site proximal to the tumor ( Figure 1A) ; a pair of sponge forceps was inserted via the anus to grasp the distal rectum, which was then pulled and everted out of the body through the anus ( Figure 1B) ; dilute complex iodine was used to wash the everted rectum several times ( Figure 1C) ; a pair of purse-string forceps was used to clamp the rectum at the site 1-2 cm distal to the tumor under direct vision ( Figure 1D ); the rectum was divided and the specimen was removed; the sponge forceps were inserted into the abdominal cavity through the anus to pull the distal end of the sigmoid colon out of the body ( Figure 1E ); purse-string forceps were used to clamp the distal end of the sigmoid colon, the sigmoid wall was incised, and the blood supply to the distal end of the sigmoid colon was verified ( Figure 1F) ; the anvil was inserted into the distal sigmoid colon and the purse-string suture was tightened ( Figure 1G) ; the distal sigmoid colon with the anvil was returned to the abdominal cavity, and the rectal sigmoid end-toend anastomosis was performed after tightening the purse-string suture at the rectal stump ( Figure 1H ); and no auxiliary incision was made in the abdominal wall ( Figure  1I ). A small incision was made in the abdominal wall and used to remove the specimen in the LAP group.
Observation parameters
The intraoperative and postoperative parameters were selected as the main parameters, including the operative time, intraoperative blood loss, number of dissected lymph nodes, CRM, usage rate of postoperative analgesics, postoperative complication rate, time to postoperative gastrointestinal functional recovery, length of postoperative hospital stay, postoperative follow-up (range, 3-39 mo; median 25 mo), postoperative anal function, and patient satisfaction with the postoperative abdominal wall appearance. The patients' postoperative quality of life was evaluated. Postoperative anal function was evaluated using the low anterior resection syndrome (LARS) rating scale [10] : no LARS: 0-20; minor LARS: 21-29; and major LARS: 30-42. The visual analog scale (VAS) was assessed on days 1, 3, and 5 after surgery. The bowel loop was divided at the site 10 cm proximal to the tumor; B: A pair of purse-string forceps was inserted via the anus to hold the end of the rectal stump, which was then pulled and everted out of the body through the anus; C: Dilute complex iodine was used to wash the everted rectum serval times; D: Under direct vision, the purse-string forceps were used to clamp the rectum at the site 1 to 2 cm below the tumor; E: A pair of sponge forceps was inserted via the anus to pull the distal sigmoid colon out of the body through the anus; F: The blood supply to the distal end of the sigmoid colon was verified; G: The anvil was inserted into the sigmoid colon and the purse-string was secured onto the anvil shaft; H: Rectal sigmoid end-to-end anastomosis; I: There was no auxiliary incision in the abdominal wall.
Statistical analysis
This study was a retrospective, nonrandomized controlled study with a difference in short-term efficacy that may be due to inconsistent baseline data. Therefore, propensity score matching (PSM) was used to balance the baseline data between the groups. A logistic regression model was used to analyze the variable assignment of the baseline data in 108 patients. The obtained P-value was the propensity score (probability of accepting the new procedure). The pair matching was 1:1 according to the least-squares matching method, and the caliper value was 0.2. SPSS version 19.0 was used for statistical analyses. The quantitative data are expressed as the mean ± SD and were compared using an independent samples t-test. Qualitative data were compared using the χ 2 test or Fisher's exact test. P < 0.05 was considered statistically significant (two-tailed test).
RESULTS
The baseline data of the 26 pairs of cases obtained by PSM were evenly distributed between the two groups (P > 0.05 for all) and were comparable (Table 1 ). In the NOSES group, there were four patients with postoperative urinary retention and one patient with a pulmonary infection who improved after symptomatic treatment. One patient with anastomotic stenosis improved after anal sphincter dilation treatment. In the LAP group, there were four patients with postoperative urinary retention; two patients experienced anastomotic leakage, which was cured after drainage and a nutritional regimen; and one patient with abdominal wall incision infection, one patient with early anastomotic hemorrhage, and one patient with a pulmonary infection were cured after conservative symptomatic treatment. Other intraoperative and postoperative conditions were shown in Table 2 . The pain scores on days 1, 3, and 5 after surgery were significantly lower in the NOSES group than in the traditional LAP group, as shown in Figure 2 . Table 1 Comparison of clinical data between the natural orifice specimen extraction surgery group and laparoscopy group n (%) Before PSM After PSM 
NOSES (n = 26) LAP (n = 82) P-value NOSES (n = 26) LAP (n = 26) P-value
DISCUSSION
After decades of development, laparoscopic surgery has been proven to have the same radical effect on tumors as open surgery [3] . As the standard procedure of laparoscopic rectal cancer surgery, TME has been included in the latest guidelines for rectal cancer by the National Comprehensive Cancer Network (NCCN) and the European Society for Medical Oncology (ESMO). However, in patients with low rectal cancer with pelvic stenosis and obesity, there are still some challenges regarding mobilization and dividing in laparoscopic surgery. In this situation, using NOSES for the transanal resection of a tumor reported by Alam et al [11] showed an obvious advantage. Laparoscopic TME allows the tumor to be removed under direct vision, which ensures a lower positive rate of the CRM. However, the use of Ketu arc cutting stapler still has staples. The overlap of two staples may form a risk-triangle area that is a high risk factor for anastomotic leakage in the end-to-end anastomosis between the rectum and sigmoid colon [12] . Some researchers have realized this risk and tried to use an additional layer of sutures to reduce the risk-triangle-related complications but have not seen significant effectiveness [13, 14] . On this basis, Li et al [9] used a modified procedure in which the anvil was placed outside the body and the tumor was removed by means of a prolapsing technique. In their study, a purse-string suture technique was used instead of a stapler, under the premise of ensuring an infectionfree and tumor-free procedure. The use of the purse-string suture technique can reduce the cost of medical treatment and eliminate the risk-triangle area formed by the overlap of staples during the anastomosis. It somewhat eliminates one of the highrisk factors of anastomotic leakage.
In addition, more attention must be paid to the quality of life after surgery and the aesthetic appearance of the abdominal wall in the current environment. The exploration of completely endoscopic surgery through the natural cavity has never ceased. The utilization of complete transanal total mesorectal excision (TaTME) is a pilot attempt [15] , but its safety and clinical application value lack the support of evidence-based medicine [16] [17] [18] . Moreover, due to limitations in instruments and surgical skills, TaTME can be performed with the need of a laparoscopic abdominal assisted operation in most cases. However, it is undeniable that TaTME is becoming a new trend around the world [19] . In this study, the PSM method was used to effectively reduce the confounding bias of the baseline data. After data matching, the data mimics being managed in a randomized study. The operative time, intraoperative blood loss, number of dissected lymph nodes, postoperative anal function, and postoperative follow-up were not statistically significant between the NOSES group and LAP group, each of which included only 26 matched cases (Table 1) . Compared with the conventional specimen removal via a small incision in the LAP group, only a 5-or 12-mm-long incision scar (incision for the trocar) was noted in the abdominal wall after NOSES, and the patients were more satisfied with the aesthetic appearance of the abdominal wall. NOSES was also associated with a lower postoperative pain score (Figure 2 ), lower usage of additional analgesics, and an effective reduction in postoperative pain. Moreover, the reduction in postoperative pain was shown to eliminate the limitation of early postoperative activities and benefit the recovery of postoperative gastrointestinal function (Table 2) . Quick rehabilitation can reduce the complications associated with prolonged bed rest. The emergence of a new surgical procedure is always accompanied by doubts. In terms of the anvil placement outside the body, tumor resection using a prolapsing technique, and NOSES, many researchers have questioned how to ensure blood supply to the distal sigmoid colon after it is pulled out of the body through the anus and how to reduce the tension of the anastomotic site. Since 2015, the authors have carried out 32 cases of this procedure. In only one case, the sigmoid colon was not long enough to be pulled out of the body; after mobilizing the splenic flexure of the colon, the distal sigmoid colon was able to be pulled out for the anvil placement. Figure 1F showed evidence of a sufficient blood supply to the distal sigmoid colon. Of course, the indications for the anvil placement outside the body, tumor resection using a prolapsing technique, and NOSES should be strictly controlled in order to continuously improve this procedure in an environment with doubt about the procedure.
In summary, tumor resection using a prolapsing technique, and laparoscopic radical resection of low rectal cancer without an auxiliary incision is one of the approaches of NOSES, and it has advantages in reducing postoperative pain, accelerating recovery, lowering medical costs, and improving the postoperative aesthetic appearance of the abdominal wall. However, prospective randomized controlled trials with a large sample size are needed to verify the long-term tumorfree survival and overall survival. 
ARTICLE HIGHLIGHTS
Research background
The purpose of modern surgery is functional and minimally invasive. More attention must be paid to the quality of life after surgery and the aesthetic appearance of the abdominal wall in the current environment. The exploration of completely endoscopic surgery through the natural cavity has never ceased.
Research motivation
This case-control study compared the short-term clinical efficacy of natural orifice specimen extraction surgery (NOSES) and the conventional laparoscopic-assisted approach for low rectal cancer. In the present research, we investigated the expected effect of NOSES.
Research objectives
Our study aimed to further explore the application value and short-term efficacy of NOSES for resecting specimens of low rectal cancer, as well as to provide a theoretical basis for its extensive clinical application.
Research methods
From June 2015 to June 2018, 108 consecutive laparoscopic-assisted low rectal cancer resections were performed at our center. Among them, 26 specimens were resected transanally using a prolapsing technique (NOSES), and 82 were resected through a conventional abdominal wall small incision (LAP). A propensity score matching method was applied to select 26 pairs of matched patients, and their perioperative data were analyzed. After data matching, the baseline data were comparable between the two matched groups. All 52 patients underwent the surgery successfully.
Research results
The operative time, blood loss, number of harvested lymph nodes, postoperative complication rate, circumferential margin involvement, postoperative follow-up data, and postoperative anal function were not statistically significant. And NOSES had advantages in reducing postoperative pain, accelerating recovery, lowering medical costs, and improving the postoperative aesthetic appearance of the abdominal wall.
Research conclusions
NOSES for low rectal cancer can achieve satisfactory short-term efficacy. The completion of the NOSES operation requires sterility and no tumor, which requires that the surgeon must have extensive experience and enough operation skills. Surgical indications must be strictly controlled when performing this operation. Otherwise, prolonging the operation time will also increase the incidence of surgical complications.
Research perspectives
We will spare no effort to continue the research in this field in future, and we will design high quality randomized controlled trials to explore the long-term efficacy of NOSES.
